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© Superluminescent optical source. 

© A superluminescent optical source is provided. A 
gain medium such as a thulium doped fiber has an 
input end and an output end. The input end is 
optically coupled to a reflector to cause spontaneous 
emissions within a predetermined band exiting the 
input of the gain medium to be reflected back into 
the medium. Spontaneous emissions outside of the 



predetermined band are lost. An optical isolator can 
be provided to prevent the superluminescent source 
from lasing, resulting in a moderate bandwidth op- 
tical pump source. A cascaded embodiment is dis- 
closed, in which the gain medium is followed by an 
optical amplifier. 
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BACKGROUND OF THE INVENTION 

The present invention relates to optical com- 
munication systems, and more particularly to a 
superluminescent source useful, e.g... lor providing 
optical energy to carry information signals or to 
pump active optical components. 

The optical communications field is expanding 
at a rapid pace. Telecommunication, sensors, 
medical and video transmission can all take advan- 
tage of optical technology, particularly where virtu- 
ally unlimited bandwidth and low attenuation are 
beneficial. Cable television systems are one exam- 
ple where optical fiber technology is providing effi- 
cient and economical alternatives to prior coaxial 
cable distribution schemes. 

Fiber optic communication systems which uti- 
lize direct detection of information signals that are 
modulated on a carrier do not require a coherent 
light source such as that produced by a laser. 
Lasers are used, however, because they are readily 
available and provide a convenient source of high 
intensity light. However, lasers tend to be expen- 
sive and have various operational drawbacks that 
render them less than optimum for use in the field. 

Other light sources, such as the light emitting 
diode (LED) and the superluminescent diode 
(SLD) have shown promise as carrier generators for 
fiber transmission. A basic measure of the useful- 
ness of such incoherent sources for optical com- 
munication applications is the radiance (or bright- 
ness) of the source as measured in watts of optical 
power radiateri into a unit solid angle per unit area 
of the emitting surface. To be useful for fiber 
transmission applications, an incoherent light 
source must have a high radiance and operate with 
a narrow bandwidth. Although LEDs and SLDs are 
known with relatively high radiance parameters, 
narrow spectral widths of about 1 angstrom (A) 
have not previously been disclosed. 

When both spontaneous and stimulated emis- 
sion occur in an LED, its output can be of narrower 
spectral width and higher radiance than if sponta- 
neous emission alone exists. Such 
"superluminescent" devices have achieved spec- 
tral widths of 20 A under pulsed operation with a 
very high pulsed driving current. SLDs with nar- 
rower spectral widths are not currently available. 

It would be advantageous to provide a versatile 
light source for use in fiber optic communication 
systems, it would be further advantageous to pro- 
vide a superluminescent light source for such pur- 
poses, having a narrow line width of about 1 A. 
Such a light source should be capable of providing 
a plurality of optical carriers for use in transmitting 
separate information signals over an optical com- 
munication path. Such a light source should alter- 
natively be capable of providing pump energy for 



use by one or more active optical devices such as r 
optical amplifiers or lasers. The present invention 
provides various embodiments of such a super- 
luminescent optical source. 

5 

SUMMARY OF THE INVENTION 

in accordance with the present invention, a 
superluminescent optical source is provided. A rare 

to earth doped optical fiber having an input end and 
an output end is pumped to cause spontaneous 
emission. The spontaneous emission is output from 
said output end for use as an optical carrier to 
carry information signals, or for use as a pump 

;s source to pump. e.g.. an optical amplifier or a laser. 
Reflector means are provided for reflecting light 
over a limited bandwidth encompassing a desired 
wavelength of said spontaneous emission. Means 
are provided for optically coupling the reflector 

20 means to the input end of said doped fiber to 
reflect spontaneous emissions within said limited 
bandwidth that exit the input end of said doped 
fiber back into said doped fiber for output from said 
output end. Light outside of said limited bandwidth 

25 is not reflected back into said doped fiber. 

The reflector means can comprise an optical 
fiber grating, such as an in-fiber grating formed 
using well known photorefractive techniques. As- 
suming that the spontaneous emission occurring in 

30 the doped fiber has a bandwidth j3 t the grating can 
be constructed to set its optical bandwidth to no 
more than about ten percent of the bandwidth $. 
This will result in an output signal from the optical 
source which has a moderate bandwidth that is 

35 useful in enabling relatively high optical power out- 
put, without reaching the threshold for stimulated 
8rillouin scattering when carried over an optical 
fiber. Since 8rtllouin threshold is a function of the 
spectral density of the source, high power can be 

<*o transmitted if the source has a moderate spectrum. 

An optical amplifier can be coupled to the 
output end of said doped fiber for increasing the 
power provided by said optical source. For exam- 
pie, a thulium doped fiber amplifier can be used for 

45 this purpose. 

Where an incoherent pump source is desired, 
optical isolator means can be coupled to the output 
end of the doped fiber for preventing the fiber from 
lasing. On the other hand, when laser operation of 

50 the source is desired, reflector means can be 
coupled to the output end of the doped fiber for . 
causing said fiber to lase. In either case, the reflec- 
tor (e.g.. grating) at the input end of the doped fiber 
provides the limited bandwidth reflection necessary 

55 to achieve a desired output. 

In a specific illustrated embodiment, the de- 
Sired operating wavelength is about 1.46 microns 
and the rare earth is thulium. The pumping means 
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pump the thulium doped fiber at a wavelength of 
about 0.79 microns. 

Although not necessary, the optical source can 
comprise a multicore optical fiber. In this instance, 
the doped optical fiber is provided as an inner core 
of the multicore fiber. The pump means include an 
outer core of the muiticore fiber for carrying pump 
energy to the inner core. 

BRIE F DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of a narrow 
band incoherent supertuminescent source in ac- 
cordance with the present invention: 
Figure 2 is a graphical representation of the 
output of the superluminescent source of Figure 
1; 

Figure 3 is a schematic diagram of a filter that 
can be used to filter the output of the super- 
luminescenr source prior to an external modula- 
tor: 

Figure 4 is a schematic diagram of an alternate 
embodiment of the superluminescent source in 
which a plurality of optical carriers are gen- 
erated; 

Figure 5 is a schematic diagram of an embodi- 
ment of the superluminescent source which is 
particularly useful as an optical pump and can 
be configured to lase or not to lase; 
Figure 6 is a schematic diagram of a super- 
luminescent source followed by an optical fiber 
amplifier in accordance with the present inven- 
tion: and 

Figure 7 is an end view illustration of a multicore 
fiber containing a doped fiber inner core that 
can be used in accordance with the present 
invention. 

DE TAILED DESCRIPTION OF THE INVENTION 

A schematic diagram of a superluminescent 
source that provides an incoherent optical carrier in 
accordance with the present invention is illustrated 
in Figure 1. A gain medium comprising a doped 
fiber 15 is pumped at an input end 17 thereof by a 
first pump laser 18 via a pump signal multiplexer 
16. In the illustrated embodiment, the gain medium 
is aiso pumped at an output end 19 thereof by a 
pump laser 22 via a pump signal multiplexer 20. 
The pump signal multiplexers 16. 20 are conven- 
tional components well known in the art. It should 
be appreciated that the gain medium only has to 
de pumped at one end. and the pumping at both 
ends as shown in Figure i "S optional. 

Any solid-state laser material can be used to 
prov.de the gam medium, in a first preferred em- 
bodiment m which an optical earner generator is 
provided, an erbium fiber is used for the gam 



medium, m a second preferred emboctment m 
which a pump source is provided, a thuiium fiber is 
used for the gam medium. Fibers doped with other 
rare earth materials, such as neodymium. can alter- 
5 natively be used for doped fiber 15. As is well 
known in the art. a gain medium comprising an 
erbium doped fiber can be used with a pump laser 
operating at either 980 nanometers (nm) or 1480 
nm. A neodymium doped fiber will operate with an 
to 807 nm pump laser. It has recently been dem- 
onstrated that thulium has a transition at 1460 nm. 
R. Allen. L. Esterowitz and I.Aggarwal, "Cascade 
Thulium Fiber Laser," Conference on Lasers and 
Electro-Optics, 1992 Technical Digest Series. Vol. 
is 12. Paper CThQ4. May 10-15. 1992. Anaheim, Cali- 
fornia, pp. 542-543. A pump wavelength of 790 nm 
is suitable for a thulium opticat source. 

All fiber except the doped fiber 15 illustrated in 
Figure 1 is standard 1300 nm or 1500 nm single 
20 mode fiber if the pump laser is operating near 1480 
nm. If the gain medium is pumped at 980 nm. with 
an erbium doped fiber 15. the fibers transporting 
pump light to the erbium fiber may be designed for 
single mode operation at 980 nm. 
25 In accordance with the present invention, a 

reflector, such as a fiber grating 14. is coupled via 
multiplexer 16 to the input end 17 of doped fiber 
15. Fiber grating 14 is a reflection device with a 
desired reflection band. For example, reflection 
30 grating 14 can be a grating that has a bandwidth of - 
approximately 1 A for reflecting light at approxi- 
mately 1550 nm. 

Pumping the gain medium with pump laser 18 
and/or pump laser 22 will cause spontaneous emis- 
35 sion to occur in the gain medium (doped fiber 15) 
as well known in the art. The spontaneous emission 
propagating from the gain medium toward reflector 
14 will exit the input end 17 of the doped fiber via 
multiplexer 16. Most of the spontaneous emissions 
40 will continue past reflector 14 to optical fiber 12. 
and will exit the superluminescent source via a 
conventional slant polish connector 10. In accor- 
dance with the present invention, the spontaneous 
emission in the reflection band of grating 14 that 
a 5 exits input end 17 of doped fiber 1 5 will be re- 
flected back to the gain medium. The reflected 
energy within the reflection band will pass back 
into doped fiber 15 via multiplexer 16. 

Upon its return to the gain medium, the re- 
so fleeted energy within the reflection band of reflector 
14 will be amplified. Since the gain of a doped 
fiber is generally on the order of 30 dB or more, 
this amplification will be substantial. The amplified 
energy will then be output from the gain medium at 
55 its output end 19. The energy output from output 
end 19 is coupled to an optical isolator 24 to 
prevent the amplified energy from reflecting back 
into the doped fiber 15 via multiplexer 20. so that 
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ffte gam medium does not lase. 

Alter passing through optical isolator 24. the 
energy exits the superluminescent source at a slant 
polish connector generally designated 26. for use 
as an incoherent optical carrier. Prior to inputting 
the carrier to an external modulator, it can be 
polarized by a conventional polarizer 28. Some 
types of external modulators, such as a lithium 
niobate Mach Zehnder modulator, require polarized 
light. 

The optical carrier produced by the super- 
luminescent source illustrated in Figure 1 of the 
present invention comprises high intensity light at a 
nominal bandwidth of i A. The dispersion of the i 
a wide light is minimal. Accordingly, the optical 
carrier is suitable for use with AM-VS8 (vestigial 
sideband) signals, such as standard cable televi- 
sion signals. The carrier will also work weil for 
digital pulse code modulation (PCM) communica- 
tions, as long as extremely long transmission dis- 
tances are not required. In order to extend the 
range of a carrier generated in accordance with the 
present invention, a number of stages of cascaded 
doped fiber optical amplifiers can be utilized. 

The output power of the superluminescent 
source at coupler 26 is limited by the pump power 
of pump laser 18 and/or pump laser 22. Power 
conversion efficiencies on the order of 95% are 
achievable after correction for photon quantum effi- 
ciency-. 

Figure 2 illustrates the output of the super- 
luminescent source. The output energy spectrum 
30 exhibits a peak 32 at about 1547 nm for an 
erbium fiber implementation. Experimental data has 
shown that the bandwidth of the peak 32 can be 
designed to be extremely narrow, e.g.. on the order 
of 13 GHz, as compared to previously known 
superluminescent sources. However, it may be 
necessary to use a somewhat broader bandwidth to 
maintain relative intensity noise (R1N) at an accept- 
able level for optical signal communication. Energy 
that is about 10 d8 down from the peak 32 results 
from photons outside of the desired band which 
propagate toward the output end 19 of the gain 
medium and are amplified therein. 

In order to improve the response of the super- 
luminescent source of Figure 1. filtering can be 
provided to filter undesired spontaneous emissions 
that exit from the output end 19 of the gain me- 
dium. A filter such as that illustrated in Figure 3 
can be used to pass only the desired spontaneous 
emissions in peak 32 of the response curve 30 
illustrated in Figure 2. The filter of Figure Z can be 
inserted between coupler 26 and polarizer 28 of 
Figure 1. 

The filter is constructed by coupling a pair of 
gratings 42. 44 to a conventional 2X2 coupler 40. 
Gratings 42. 44 are matched in reflection band to 



grating 14 illustrated m Figure 1. This configuration 
can be viewed as a balanced resonant Michelson 
interferometer. Light outside the reflection band of 
gratings 42. 44 is lost via slant polish connectors 

5 46, 48 respectively. Light within the reflection band 
is routed to optical fiber 50 because the balanced 
interferometer provides the desired phase shift for 
almost 100% transmission from optical fiber 52 to 
optical fiber 50. 

to Figure 4 illustrates an embodiment of the 

present invention in which a plurality of optical 
carriers are generated. The operation of the super- 
luminescent source is the same as that discussed 
in connection with Figure 1. However, instead of a 

ts single grating 14 as shown in Figure 1, the embodi- 
ment of Figure 4 includes a plurality of gratings 62. 
64, 66, each providing a different reflection band. 
Spontaneous emissions that are not reflected by 
reflectors 62. 64, or 66 are lost via slant polish 

20 connector 60. The reflected light is input back into 
doped fiber 65 via multiplexer 68. The doped fiber 
is pumped at one or both ends by pump lasers 70 
and/or 74. Light output from the doped fiber 65 is 
coupled via multiplexer 72 to an optical isolator 76 

25 that prevents the superluminescent source from 
lasing. A wavelength division multiplexer 78 is op- 
erated in a reverse direction, receiving the energy 
at its "output" terminal 80 for demultiplexing the 
individual carriers for output to a plurality of cor- 

30 responding modulators as indicated at 82. 

In the event that the external modulators re- 
ceiving the carrier signals require polarized light, 
individual polarizers such as polarizer 28 illustrated 
in Figure 1 can be used. Alternatively, the doped 

as fiber 65 can incorporate a polarizer integrally there- 
with as well known in the art. Another way to 
provide a polarized output would be to use a highly 
birefringent doped fiber for the gaia medium, e.g.. 
a polarizing erbium fiber. Such techniques can also 

40 be used in the embodiment of Figure I to eliminate 
the need for a separate polarizer 28. 

Figure 5 illustrates a superluminescent source 
in accordance with the present invention that is 
particularly well suited for use as a source of 

45 optical pump energy, e.g.. for simultaneously 
pumping a plurality of active optical components 
such as optical amplifiers and/or lasers. When im- 
plemented with thulium doped fiber, the optical 
source outputs a wavelength of 1 .46 am which has 

so a low fiber attenuation, i.e.. exhibits a low loss as it 
travels through an optical fiber. 

The like numbered components of Figure 5 are 
identical to those discussed above in connection 
with Figure i. except that doped fiber 15 is ad- 

55 vantageously a thuiium doped fiber instead of an 
erbium fiber An optical element 25 is provided at 
the output of the optical source, and can be either 
an optical isolator in the event that it is not desired 
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for the doped fiber 15 to lase or a reflector if it is 
desired to establish a laser cavity so that doped 
fiber 15 will lase. For pumping at a snort distance, 
a is desirable to run the pump source above the 
laser threshold so that lasmg occurs to increase 
efficiency. The provision of a source that does not 
lase is required for pump energy that is to be 
communicated over an appreciable distance, so 
that the Brillouin threshold will not be reached. 
Stimulated Brillouin scattering is the first fiber non- 
linearity that results as the power in a fiber is 
increasea. 

Since Bnilouin threshold ts a function of pump 
spectral density, high power can be transmitted if 
the pump light has a moderately broad spectrum- 
Typical 8rtllouin gain bandwidths are 40 MHz to 
100 MHz. if the optical bandwidth of the pump is 
significantly wider than 40 MHz to 100 MHz. the 
8ril1ouin threshold as a function of transmitted 
pump power Can be greatly increased. In accor- 
dance with the present invention, grating 14 (e.g.. a 
fiber grating) is used to limit the spectrum of the 
source, while retaining efficient power conversion, it 
is desirable to limit the spectrum of the super- 
luminescent source when it is used to pump an 
optical amplifier, since the noise figure of an optical 
amplifier is dependent on the wavelength of the 
pump light. The source linewidth is derived from 
the bandwidth of grating 1 4. Thus, when the pump 
is used to pump devices a significant distance 
away, it is desirable to use a grating having a 
moderately wide optical bandwidth to keep the 
spectral density below the Brillouin spectrum. 

To provide additional output power for the 
superluminescent source, a cascade arrangement 
can be used as shown in Figure 6. The structure of 
the device is identical to that illustrated in Figure 5 
(where optical element 25 is an optical isolator 24), 
with the addition of an optical fiber amplifier in 
series with the output of the optical isolator. The 
optical fiber amplifier comprises a doped fiber 94. 
such as a thulium doped fiber, that is pumped by 
either one or both of pump sources 100, 102. The 
ends 92. 96 of doped fiber 94 are coupled to the 
pump energy by conventional optical multiplexers 
90. 98. respectively. 

Thulium is a four level laser system. Thus, it 
may be convenient to use a dual core pump con- 
figuration for the thulium doped fibers. An example 
of a dual core configuration is illustrated in Figure 
7. inner core 108 is the doped fiber. An outer core 
106 is couoled to a pump source (e.g.. pump 
source 18) and carries the pump energy for pump- 
ing the doped core 108. A conventional cladding 
104 surrounds the outer core 106. 

Those skilled m the art will appreciate that a 
problem that may be encountered with high power 
superluminescent sources is excess photon noise. 



One technique for eliminating such noise is dis- 
closed m P R. Morkei. R.l. Laming. H.O. Edwards, 
and D.N. Payne. "Elimination of Excess Photon 
Noise from Fiber Superradiant Sources". Paper 
5 CTUH76. OLEO 90. Anaheim. California. May 22. 
1990. 

It should now be appreciated that the present 
invention provides a superluminescent source for 
use in providing, e.g.. pump energy to one or more 
to active optical components such as optical amplifi- 
ers and lasers. The source includes a gain medium 
such as a thulium doped fiber and a reflector for 
reflecting spontaneous emissions within a predefin- 
ed band from the gain medium back into the me- 
;s dium for amplification and output. Lasing of the 
optical source is prevented, if desired, by an op- 
tical isolator coupled to the output thereof. An op- 
tical amplifier can be coupled to the output of the 
source to increase the power thereof. 
20 Although the invention has been described in 

connection with various specific embodiments, 
those skilled in the art will appreciate that nu- 
merous adaptations and modifications may be 
made thereto, without departing from the spirit and 
25 scope of the invention as set forth in the claims. 

Claims 

1. A superluminescent optical source comprising: 
0Q a rare earth doped optical fiber having an 

input end and an output end; 

means for pumping said doped fiber to 
cause spontaneous emission therein for output 
from said output end; 
3S reflector means for selectively reflecting 

light over a limited bandwidth encompassing a 
desired wavelength of said spontaneous emis- 
sion: and 

means for optically coupling the input end 
ao of said doped fiber to said reflector means to 

reflect spontaneous emissions within said limit- 
ed bandwidth exiting the input end of said 
doped fiber back into said doped fiber for 
output from said output end. without reflecting 
45 light outside of said bandwidth back into said 

doped fiber. 

2. An optical Source in accordance with claim 1 
wherein said spontaneous emission has a ban- 
so dwidth £ and said reflector means are- con- 
structed to set said limited bandwidth to no 
more than about ten percent of the bandwidth 

55 3. An optical source in accordance with claim i 
wherein said reflector means comprise an op- 
tical fiber grating. 
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4. An optical Source in accordance with claim 3 
wherein: 

said spontaneous emission has a band- 
width Q\ and 

said grating is constructed to set said limit- 
ed bandwidth to no more than about ten per- 
cent of the bandwidth £. 



5. An optical source in accordance with one of 

the preceding claims further comprising: to 

an optical amplifier coupled to the output 
end of said doped fiber for increasing the 
power provided by said optical source. 

6. An optical source in accordance with claim 5 /s 
wherein said optical amplifier is a thulium dop- 
ed fiber amplifier. 

7. An optical source in accordance with one of 

the preceding claims further comprising: 20 

optical isolator means coupled to the out- 
put end of said doped fiber for preventing the 
fiber from lasing. 

8. An optical source in accordance with one of 25 
claims 1 to 6 further comprising: 

reflector means coupled to the output end 
of said doped fiber for causing said fiber to 
lase. 

ao 

9. An optical source in accordance with one of 
the preceding claims wherein said desired 
wavelength is about 1 .46 microns and said rare 
earth is thulium. 

as 

10. An optical source in accordance with claim 9 
wherein said pumping means pump . said 
thulium doped fiber at a wavelength of about 
0.79 microns. 

40 

11. An optical source in accordance with claim 9 
or 10 comprising a multicore optical fiber, 
wherein said doped optical fiber is provided as 
an inner core of said multicore fiber and said 
pump means include an outer core of said 45 
multicore fiber for carrying pump energy to 

said inner core. 
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